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(57) lliMjwitmic oiiiocrrca k uopoiukobom 

MJia-UVpTKM, 8 WCTHOCTH K CHOCOfe* fttVI- 
^CH.-.9 3HC3CPCH14X KOpOHlKOn VCT.XV.Oa 
3T-»K"JHHCCKMM B3p:i>.'»M np03,JS!IMK03. <■>.- 
■W»w'm TCSHrtlCCKOfi SJUaSCfi WIIHOIO »20- 

3pw««« S bmsmsIW nonyvL-HHc nopomww 

CIIJWBC1 H HHTVpMCTa-TlHMCCrHX COJ3M1IOIKH 

b y-THoajKcncoi-hOM cocTJaHnii. Lnocoo 

npjP'CM -.icnr;iH3VK J T KoaKCSia.ni.HHC aai-onvBMi 
mi 3 a 3 HoooaHb.. nexsu-ioB. a coothouchik 
.,aa sarcroBOK BWi'iipa-or b cootb:tct3kh cc 
crexi«>M--rpaiccKUM tociasoM naiywcMaso 

UOpOLMKo. 
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HjofipcrcHHc otmocmtvh k nupoxuico^ofj 
sfCT:Lviypi!in, b m3cthoctii k cnoco6ax n»vi-'- 
\vei*MB ancucpcnux rrcpoiiikcs Mcrajuoa a.icx- 

TpfcMCCKllM H3phlBOM npOBCJHHKQH. 

Ksbcccu cnocoo no.iywemia BNCOKoaeciicp- 
crux nopouiKOB MerxvjcB nyfcM anckTpiiMC- 
CKOro E3pK!Ra nponq/untKOB n rtuoBhix cpc.iax 
vKorcn 10. A., 5i3opc5CKnfi H.A. llccvjcaeaai^e 
qacTim, c>6p33yio:mixcfl rr r m xjckrpwvco >m 

83pb:PC npODO^HUKOB- - "Oil3MKa 11 XUMilH 

ocpa6c;KH Mcrra-Ufos'", N 4, 1978, c. 24 - l r >). 
HeaooarKOM aroro tno;o6a se-isLTca 

HCB03M0*H0Crb r01> l MTb CTVTaUH H MHTCCVC- 

T.i-VMiM'XKifc coe.v;>-:eaua b yr.i/rpaarrcnepo'^M 

C9CT05?ll>1Ji. 

Ha;i6oacc 6"M3k::m no TC.XMtwecKcA ry-n- 
nocrw k npca-iOACHHOMV ci:oco6y 4U.-iJicrr.sj 
c:?oco6 ;ua H3(Otob.ichh5I BLrfCCKonicnepciiMX 
poporcKOH H3 LicoprawHHCCKtix MarcpHa.too 
ta-BKa PCT iWO) 92/17303, k;i. B 22 F 
9/! 4, anyai. 15. 10.1992 r.). 

OaHKM M3 OCHCPUhfX HCV^OCTaTKOH ^T) 

cnrcoSa 9B"iSi£TL t A Hca.^MOKHOCTb no.iy 1 : ts 
cnnae<J if HHTepMCTauLfimecK.ie cocviH^cinv- h 
y«7bTpaaHcncpc>iovf coctosihhm )i nopoaJK^ B 
; \.ibTpaai cncpci.OM cocrosiHMir, t.k. j» h.'bcct. jm 
cnocouc i rpamtucH ypoacHb ui t ojhmoh jhcp^im: 

906,3 «c2*/mc;:i. ' • 

rac 31^,3 k/IWmo.Id - :.»hepma b03ro; kh 
MeT.xr a - r.;: jOMS! iiicsc;! ^aroioEKii, a 9C »,9 
kH^/mo.in - ce ho;ih3::.hm 

(aaniibie khhtk "3Hcpni;i lupbJBa XHMtFicc ;:x 

CBB3CH. riOTCHUJja-lbi iiCUH^aUHH VI CpC.lCTBi- K 

3JiCKTpony '. JI.B. r> pB:m n ap. M.: Hay. a, 
!974 r. T c. 175, 227). llpn t.ikom \ p> re 
BBoauMCM ruepniv - 0,9 iMCprvn eo3 t .v i n 

3aiCTCriKr! K Cm ^HCpFHH i'.OH Hiar.mi II 

bwcokom .xib;icmhii ra3cncit cpcau ~ . ih 
y.nbTpa.iiicncpcHOH cfcpaKmiK Mcaa, oco6e:;.io 
;lia nopoujKon Mera-vics. Kpcvc mo o, 
TCXHO.ionpicCKviH npouetc mviyMCiuifl ;?ht p- 
MCTa.niuoH i;o jtom>' cnocooy cio;*:ch 3a 

HCOOX OaK MOC rH HCRO.~b20BJHHS1 .IHVX H-1H fv CC 

McxaHM3MOB noaami 3ir\nvB0K: jtu mcxc: j- 
Mh! aOIKHM aehCTBOBaTu ror.iacoRaHC. 

OiHO»>:rui tcxhmwccko < laaaMCM xtim °o 

V!306pCTCM»H SiB/]HCTC9 flO.l y MCH HC HOpOlb'J 

cn.iaBOB m ^!i^TcpMCTX^,^M l lCCK^l.^ co-^ihhch;i ■■ b 
y.ibrpaaMcnepcHou: vOcro^Hj.a. a Tair.T.c yi 
u:c f, .\\v TcxMo.ior^HCXKcro^fipC'accca. 

npL,i.iar t iCMb?w cncCi?6, :.pn VoT-ipoM :c- 

'IO~b3y»OT K^aKCiliLTbrlKL* jtll \ I TO UK H 113 pa i O- 

poa^iNx vcTan.iob, a c>v motiiCHMC s :v 
3arvTt">oK BbiC^paiOT h uxitrltophii ;o 

CTCX!iOMC1 pH7CCK MM I'OCTaBCVM ITO.TVWarv 

n^poiuKa, no.;ao.ns*i:r no^y-fMb cnaaei.! i: 
^HTcpMcra.i/'UMctKHt* noporiJKM n y.*bTpa.. 'C- 
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nepC'tio.M cocToii.iKii. Kpoyc Toro, ncpoiuKn 
ro-nyiaiOT ua vera hob k:;x ^^cxaHH?MOM 

3a;O;OB0K, TO CCTb OCVnJCCTrU^iOT 

tcxhh ticcicH 63.101: npvxrroc pcujcruic 3a cmct 

TOrO, WTO KOaKCMJ^bHb^ 3arOTOB<M HJ P33H0- 

po^riux MCia.7^cn 'hkck?t biu npof>o"OKji 1 K3 
oanoro MCTxxia, na Ko^opyHj Hancct-n iwi 
^cxaim^ccKH coi MCiueuu o:r.\n w^im HerKO.ibKo 
irpyrnx Mcta.i/ioa. a noo.MMy TpcoycTCsi 
Ka^aoff 3a:x)TrBK» mHMJt'grb or^cibHUM 
wjxan;i3M rj04^HU ^arortpci:. B n[X)Tt?T»4nc np:t 
napa^icibiuw: tupuac npoi;o,i4iiKOfi TOcfiyercH 

CHHXpOKH3aiU*H B o6.iaCT!1 MJlK^CCXyilZl, MTU 

iexi!;mefKii 010 a ho. 

nLX.TjB^CHna5J 3ca3 : ia >xrr».'an^« tcm, ^to 
b cnoceftc v.ojiyvtuim MeTru-iJiMctKHx aopem- 
Ko»i nyi^M ^*J5 CKTpn ^ ccKorx) j^pbrna 3ar07OB0K 

COMaCHO npcXlOXCiiiKOMV XLi:ilKK) HCJ10.1b3y- 

Kri' xoaKcuaabMue xirurosKM na pa3nop'ja/»bix 
MCTJjnoa, a awrHOorefivi^ Mace 3aroTOHOK 
8b:6MpaFjr b c^rnncrBJin co crcxnoMcrpuMC- 
CKSIM COCT3BOM no.i) ^raeMnpo nO^X)iJKa. 
npHMCp I. Bjpi-IC.L'i-TCb Mi: f H ; iJi 3arCTOBKa 
JljaMCTpOM 0,2 MM, nOKphiTuM CIOCM a-1K»MHHI15l 
C Hapy?KUbIM i7V*aM JTPOM O.'H 16 MM. <XiH»a 

sarc-roBOK v.m. >.-acca Mean cocraB;i«ci 
0,01681 r., yacca a.i.c.v»H»«si 0,31979 r.. wrj 
cooTBCTc rro/wuio cr jxiio.MeTpimec«coMy cocraBy 
CuAl2. 3araroBKM pacno,iara.i»Cb b reoMCTii- 
4 co om KaMcpc, 3ano.i!K*iiHOH rexnuwecKUM 
aproMOM. B^ph-BM upoBoaK.aub h LC-^oi{T>pc 
c napaMCTpaMM; C = 2,9-1 mk4>, L = 0,4 
mkTh. Haripn^cHiic. ao ko oporo japM^a.iciCb 

CMKOCTb, p3BH>!.10Cb 21,2 K 3. n«Xvic B3P»W1 1 3 

ripoH3Bc;;M-ic>i jtovP npoo ^aAacuKoro na 

CTCMSii 5C3MCpb! HOpOLUKa. <*0a3OBbili COCT3B 

nof.ou'Ka H3.iyMa^c» c noMOiuiio pchtpl'hobcf o- 

IV 3::4>paKTOMC'/pa HF'OH-J B pC3>.1bTiTC 

aH«LiM3a ycTawopacrio, mo iicivichhum y.ibT- 
paaMcnepchUil nopoiuok coacp.Ka.i anxcpMCTaa- 
/uuiw. npeiiMyi:iccT5CHH0 CuM'2. 

Hp^MCp 2. B3pWBXiaCb a^!OM«HViCB3Jl 

: j aroTOBKa anaMcrpoM ; ),31 mm, noKpijTa^' 
caocM ^;Cvie3a c iripy;r,m>;M auaMCTpcM 0,3447 
mm. iLiv^hw saroTOBOK 70 m . Ma:ca artoMitfms! 
cocr^BM.ia 0,01443! r., wacca a MC3a 0,00983 

r., MTO CJK)rBCTC7EOBe.10 CTCXHOMCrphMCLKOMy 

cocraav FcAl3. Sototobkh pacuo.:ara;u:cb n 
rcpMCTti^LCKoii xaMcpe, ^ui cxihscmoh tcxhhmc- 
ckhm aproHOM. B.ipi»:BLw ::r>OM3B0aM^Mci> r. 
LC-KoiiTvpc c napaM^TpaMn: C « 1.83 k. Ki\ 
L - 0,45 mxTh, nanp«:*"CM;ic. ao KOTop.io 
3apa^a.tacb cm koct o. panM>i.ioci» 16,0 <B. 
f locac E3p!>;a 1 npoi:3BOj/t.ic« mfrip noo6 
ocaxacHHoro na cichkh h.aMcpu ncpK)iuv;a. 
C\i3o«m;i cocrat. nopoiiiKa >i3.iywa:iC5> c 
naMOaibK) peri r rc uon: koto inc^paKTOMorpa 
.'IPOH-3 i3 pc^y/ii.TuTc t!-M.i»ja vcraHOB.icno, 
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nc.iyMCHH»ft v.,TpauHcncpcHuA nopouK* 
coaep*M miTcpMCTaxiHJiu FcAl. i -2- -a. 
FcAh noeuMvmccTucuH.o rcAb. 

n hmcp 3'. B3pu B a.acB xcaesna, 3a.«io»- 
tt-Wfcn»M 0,24 mm, noK Pt rr f , «oe»: ^ 

'aroroHOK 60 mm. Macca ^ra^-a- 
0 02133 r.. wacca mck r. . u 

pxnauia^* ■ rc P M,nHHCCKon «... ^ 

LhCHHOK iKWHCCKWM 3?rCK,v. „3».HB« 

-3 



6 

nwn3*03».-»«ci, b I.C-Konrypc c napaMcrpaM*: 
C = -941 mkO, L - 0,42 mkI'h ■ B a»p«RCHMe, 
■so KOiopoio 3ups*anao cmkoctu, pasH^oa, 
21 6 i 3. nocc sapaaa npoHssouwca oiCop 
np c6 ocwci-Horo na ctchkh KaMcpu nopcwx 
OasoBuA cocrae ooponita i.3;:yMa:.« c 

,0,0^0 pckiwhofcwho aM *?ar.roMCTpa 

WH-3. B pc3V, ti aTe ana-^na vera hob^tcho . 

.ro , „.«vvcH.«uft y.^TpaAHcncpcH^ nopcu.oK 

npcTcraa-ia-i co6oft cn.iaP mcw « 
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Cnocro ncwy-cH-. kkx up™ 

KOF. uVTCM XlCKfpHMCCKOIt) ' f^'^ 



M-T^ri, a coothciul'ii hc Maccw Meraaaa 

33COTCB0K P. HOKP.TK, B^K* B COOTBCT- 
CTBHH CO CTMWOMCTPKMCCKBM CCCUiBOM .10.1 

yqaCMoro nopeiaK:*. 
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(54) MEANS OF PRODUCING METALLIC POWDERS 

(57) This invention relates to powder metallurgy and, in 
particular, to means of producing dispersed metal powders by 
electrical explosion of conductors. The main technical task of the 
invention is to produce powders of alloys and intermetallic compounds 



in an ultradispersed state. The method comprises an electrical 
explosion of bars of various metals and the mass ratio of the bars is 
selected in accordance with the stoichiometric composition of the 
powder that is produced. 

The invention relates to powder metallurgy and, in particular, to 
means of producing dispersed metal powders by electrical explosion of 
conductors. 

A method is known for producing highly dispersed metal 
powders by the electrical explosion of conductors in gas media (Yu. A. 
Kotov, N. A. Yavorovskiy, Study on Particles Produced by Electrical 
Explosion of Conductors, Fizika i khimiya obrabotki metallov, No. 4, 
1978, pp. 24-29). 

The problem with this method is that it cannot produce alloys 
and intermetallic compounds in the ultradispersed state. 

Most similar in technical essence to the proposed method is a 
method of preparing highly dispersed powders from inorganic materials 
(Application PCT (WO) 92/17303, cl. B 22 F 9/14, published 15 Oct 
1992). 

One of the main problems with this method is that it cannot 
produce alloys and intermetallic compounds in the ultradispersed state 
and powders in the ultradispersed state, since, in this known method, 
the applied energy is limited: 



0.9 x (319.3 kJ/mol)/(906.9 kJ/mol) = 0.33, 



where 319.3 kJ/mol is the sublimation energy of the metal - an 
aluminum bar - and 906.9 kJ/mol is its ionization energy (data from the 
book "Energiya vzryva khimicheskikh svyazey. Potentsialy ionizatsii i 
sredstvo k elektronu [Energy Required to Break Chemical Bonds: 
Ionization Potentials and Means to the Electron], L. V. Gurvich et al., 
Moscow, Nauka, 1974, pp. 175, 227). At this level of applied energy, 
0.9 times the sublimation energy of the bar divided by its ionization 
energy, and under high pressure from the gaseous medium, the 
ultradispersed fraction is small, particularly for metal powders. 
Moreover, the technical process of producing intermetallic compounds 
using this method is complex, since two or more mechanisms must be 
used for delivering the bars: these methods must be coordinated. 

The main technical task of the present invention is to produce 
powders of alloys and intermetallic compounds in the ultradispersed 
state and to simplify the technology. 

The proposed method, which uses coaxial feeds of various 
metals and the ratio of masses is chosen in accordance with the 
stoichiometric composition of the powders that are produced, makes it 
possible to obtain alloys and intermetallic powders in the 
ultradispersed state. Moreover, the powders are obtained using 



devices with a single feed mechanism for the bars, i.e. the technology 
is simpler because coaxial bars of various metals are in the form of 
wire made of one metal with one or more metals applied to it or 
mechanically mixed with it. For this reason, no separate feed 
mechanism is required for each bar. In the prior art, the parallel 
explosion of the wires requires synchronization in the microsecond 
range, which is technically difficult to achieve. 

The task at hand is accomplished in that, using the method of 
producing metallic powders by the electrical explosion of bars, the 
proposed method uses coaxial bars in the form of different metals and 
the ratio of the masses of the bars is selected in accordance with the 
stoichiometric composition of the powder that is produced. 

Example 1. A copper feed measuring 0.2 mm in diameter 
coated with a layer of aluminum with an outer diameter of 0.4416 mm 
was exploded. The feed was 60 mm long. The mass of the copper was 
0.01681 g and the mass of the aluminum was 0.01979 g, which 
corresponded to a stoichiometric composition of CuAl2. The feeds 
were placed in a hermetically sealed chamber filled with commercial- 
grade argon. The explosion was produced in an LC circuit with the 
following parameters: C = 2.941 |iF, L = 0.4 jiH and the voltage to 
which the capacitor was charged was 21.2 kV. After the explosion, 
samples were taken of the powder deposited on the chamber walls. 



The phase composition of the powder was studied using a DRON-3 X- 
ray diffractometer. The analysis showed that the ultradispersed powder 
produced contained intermetallic compounds, primarily CuAl2. 

Example 2. An aluminum feed measuring 0.31 mm in diameter 
coated with a layer of iron with an outer diameter of 0.3447 was 
exploded. The feed was 70 mm long. The mass of the aluminum was 
0.014431 g and the mass of the iron was 0.00983 g, which 
corresponded to a stoichiometric composition of FeAl3. The feeds 

were placed in a hermetically sealed chamber filled with commercial- 
grade argon. The explosion was produced in an LC circuit with the 
following parameters: C = 1.83 |aF, L = 0.45 jiH and the voltage to 
which the capacitor was charged was 16.0 kV. After the explosion, 
samples were taken of the powder deposited on the chamber walls. 
The phase composition of the powder was studied using a DRON-3 X- 
ray diffractometer. The analysis showed that the ultradispersed powder 
produced contained intermetallic FeAl, Fe2Als, FeAl3 , primarily FeAl3. 

Example 3. An iron feed measuring 0.24 mm in diameter coated 
with a layer of copper with an outer diameter of 0.34 mm was 
exploded. The feed was 60 mm long. The mass of the iron was 
0.02133 g and that of the copper was 0.02438 g. The explosion was 
produced in an LC circuit with the following parameters: C = 2.941 |iF, 
L = 0.42 |iH and the voltage to which the capacitor was charged was 
21 .6 kV. After the explosion, samples were taken of the powder 



deposited on the chamber walls. The phase composition of the powder 
was studied using a DRON-3 X-ray diffractometer. The analysis 
showed that the ultradispersed powder produced was an alloy of 
copper and iron. 



Formula of Invention [Claim] 



A means of producing metallic powders by electrical explosion 
of metal feeds, wherein metal feeds are used with a coating on another 
metal and the ratio of the mass of the metal feeds and the coating is 
selected in accordance with the stoichiometric composition of the 
powder that is produced. 
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